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Summary

 

Respiratory syncytial virus infects almost all children by 2 years of age. Neu-
trophils are the predominant airway leucocytes in RSV bronchiolitis and they
are activated in the presence of infection. However it is not clear whether RSV
can directly signal to activate neutrophil cytotoxic function. To investigate
this we have used a preparation of RSV washed using a new centrifugal dia-
filtration method to rapidly remove inflammatory molecules produced by the
epithelial cells used to propagate the RSV stock. Human neutrophils were iso-
lated from peripheral blood and activated with either the unwashed crude
RSV preparations or the purified intact RSV. Neutrophils were also challenged
with purified RSV G-glycoprotein. The effect of challenging human neutro-
phils with these preparations of intact RSV, or the RSV G-glycoprotein, was
assessed by measuring the cell surface expression of CD11b and CD18b, the
phagocytic oxidative burst, and intracellular release of calcium pools. Neu-
trophils challenged with the washed RSV exhibited significantly lower activa-
tion of surface marker expression (

 

P

 

 <<<<

 

 0·001) and oxidative burst (

 

P

 

 <<<<

 

 0·001)
than those challenged with unwashed virus or with virus free supernatant.
There was no increase in intracellular calcium release on exposure to the
washed RSV. Purified G glycoprotein did not stimulate neutrophils, whilst the
use of a blocking antibody to the F protein did not prevent unwashed RSV
from activating cytotoxic responses. These results suggest that neutrophils
have no innate signalling system that recognizes RSV but they are activated at
sites of RSV infection as a result of the cytokines and inflammatory molecules
released by virally infected cells.
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Introduction

 

Respiratory syncytial virus (RSV) causes annual epidemics
of respiratory disease affecting the whole population [1,2].
This virus infects many infants during their first winter, and
it has long been recognized that RSV infection is responsible
for the majority of cases of acute bronchiolitis and viral
pneumonia in infancy. Its importance as a respiratory patho-
gen in the elderly has been increasingly recognized in recent
years [3]. It is now recognized that the inflammatory process
in the airways of infants with RSV bronchiolitis is dominated
by an intense neutrophil influx in both the lower and upper
airway [4,5] and that neutrophil products such as myeloper-
oxidase and neutrophil elastase are release into the airways

[6]. Unbound neutrophil elastase is found in excess of its
inhibitors in the airways of infants with acute bronchiolitis
and accounts for the majority of protease activity present
in the airways of infants with acute bronchiolitis [7] re-
enforcing the suggestion that neutrophils play a major role in
the causation of symptoms. It is still unclear whether these
cells participate in clearance of virus though experimental
studies have demonstrated that neutrophils damage respira-
tory epithelial cells infected with RSV [8].

The very high numbers of neutrophils observed in the air-
ways of infants with acute bronchiolitis appears to be a con-
sequence of both recruitment and prolonged survival within
the infant airways. 

 

In vitro

 

 studies have indicated that RSV
infection results in the release of high concentrations of IL-8
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and of other pro-inflammatory molecules including IL-1,
TNF

 

a

 

, RANTES, MIP-1

 

a

 

 [9–12] and these finding reflect
those from clinical studies involving infants with RSV infec-
tions [6,13,14] More recently it has been shown that there
are factor(s) present within the infant airway which prolong
neutrophil survival which will contribute to the observed
neutrophilia [15].

While it is clear that activation of neutrophils is an impor-
tant feature of the host response to RSV infection it is unclear
whether the neutrophils are activated directly in response to
virus or whether activation is mediated indirectly through
the release of inflammatory cytokines by infected epithelial
cells.  It  is  well  established  that  the  cytotoxic  function  of
these cells can be activated by lipopolysaccharide and
peptidoglycan from gram-negative bacteria via specific
receptor (e.g. TLR4). Toll receptors are part of the innate
immune signalling responses to infection and have been
implicated as important in the pathogenesis of RSV infection
in an animal model [16]. Antibody bound bacterial activate
neutrophils via specific Fc receptor [17] and this mechanism
may also be relevant to the activation of cytotoxic immunity
during RSV infection [18].

There have been studies assessing possible direct effects
of RSV on neutrophils [19,20] but the purity of the viral
preparations used for these studies was not demonstrated.
Propagation of RSV in a cell line results in the release of
inflammatory cytokines and pro inflammatory molecules in
addition to the virus. Therefore immune responses attrib-
uted to the virus may be due to the activating properties of
these other molecules. Traditional methods to purify RSV
are cumbersome, time consuming and may results in large
reduction to the replicative capacity of the virus. For exam-
ple sucrose density sedimentation [21] takes many hours to
complete, and requires the addition of a high concentration
of magnesium sulphate [22] to stabilize the virus and pre-
vent loss of replicative capacity. Furthermore to prevent
interference in cellular assays the magnesium sulphate may
need to be removed.

In order to avoid these problems and produce RSV free
from contaminating cytokines and inflammatory products, a
rapid centrifugal diafiltration unit was employed to wash
RSV, separating the viral particle from the smaller inflam-
matory molecules. Having established this method, the
potential for RSV to directly activate human neutrophils was
examined. Peripherally circulating neutrophils donated by
healthy adults were purified and then exposed to samples of
unwashed and washed RSV and the activation of these cells
measured with respect to cell surface expression of the inte-
grins CD11b and CD18 and to intracellular signalling due to
calcium release; and the cytotoxic superoxide free radical
burst. Further experiments were performed in order to
determine whether important RSV surface antigens played a
role in activating neutrophils using purified RSV envelope G
glycoprotein, and a neutralizing antibody to the F glycopro-
tein [23].

 

Materials and methods

 

RSV production

 

HeLa cells were grown to 80% confluence in T75 flasks, and
infected with 1 

 

¥

 

 10

 

4

 

 pfu/ml of the A2 RSV strain. The cells
were incubated at 37

 

∞

 

C for 5 days in 2% FCS maintenance
medium (DMEM 

 

+

 

 2% heat inactivated FCS) until syncytia
formation was observed. All of the culture medium was
removed, and the cell layer was scraped into 5 ml of protein
free Ham F12 medium (Sigma, UK) and immediately snap
frozen in liquid nitrogen, thawed, and centrifuged at 640 g for
10 min to remove the intact cell membranes and organelles.

 

Diafiltration

 

Vivaspin-20 (Vivascience, Gloucester, UK) ultra-filtration
tubes (20 ml capacity) with a polyethersulphone mem-
brane containing  a  pore  size  of  1000 000 Daltons  MWCO
(1000 kD) were used. To minimize nonspecific protein bind-
ing and sticking of the viral particles the filter membrane was
coated with 20 ml of 0·1% purified Casein (I-block™; Tropix
Inc, Perkin Elmer, UK) prepared in sterile endotoxin free
PBS (BioWhittaker, Workingham). 19 ml of Ham-F12 basal
medium and 1 ml of RSV thawed stock preparation was
added and the unit was then centrifuged at 1121 

 

g

 

 (at 4

 

∞

 

C for
40 min) until the volume of the retentate was less than the
starting volume of the RSV aliquot (i.e. 

 

<

 

1 ml). The mem-
brane was then vigorously pipetted with 1 m of 4

 

∞

 

C Ham-
F12 basal medium to dislodge virus particles trapped on the
membrane surface. The virus fractions were pooled, the total
volume measured, and 4

 

∞

 

C basal Ham F12 added to a vol-
ume of 20 ml. 1 ml aliquots of this 1/20 diluted washed stock
were then snap frozen in liquid nitrogen and stored at

 

-

 

70

 

∞

 

C. Samples of the unwashed RSV were also diluted 1/20
in basal Ham-F12. The filtrate fraction was also collected,
frozen, and stored.

 

Plaque assay

 

HeLa cells were grown in 96 well plates to subconfluence
(80% coverage) and infected with neat and 10 fold dilutions
down to 10

 

-

 

8

 

 pfu/ml of washed and unwashed RSV and equiv-
alent dilutions of the filtrate sample. The cells were main-
tained in a 37

 

∞

 

C CO

 

2

 

/air incubator for 48 h and then fixed in
50% acetone: 50% PBS and stained with a mouse monoclonal
antibody pool against the major RSV antigens (Novocastra,
UK). The presence of the viral infected cells was revealed by
incubation with a secondary peroxidase labelled goat anti
mouse  antibody  (Sigma,  UK)  and  the  insoluble  substrate
4-chloronapthol substrate (Sigma-Aldrich, Poole, UK).

 

SDS-PAGE and silver staining of gels

 

Washed and unwashed RSV preparations and filtrate sam-
ples were separated on a discontinuous 10% PAGE minigel
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with a 3·7% stacking gel. The gels were fixed in methanol
acetic acid, washed thoroughly in ultrapure water, activated
in 0·034 

 

m

 

 potassium dichromate/nitric acid solution, and
then stained in 0·1% silver. Following development in 2·5%
sodium carbonate the protein bands were detected sensi-
tively in the different samples.

 

Measurement of IL-8 by ELISA

 

The concentration of human IL-8 in the washed and
unwashed  RSV  preparations  and  in  the  filtrate  samples
was measured using a DuoSet

 

TM

 

 sandwich ELISA (R & D,
Oxford, UK), lower limit of sensitivity 62·5 pg/ml.

 

Neutrophil isolation

 

PMNs were isolated using Histopaque-1077 (Sigma-Aldrich,
Poole, UK) and NH

 

4

 

Cl lysis [24] and were 

 

>

 

95% viable and

 

>

 

95% pure. They were then resuspended at a density of
4 

 

¥

 

 10

 

6

 

 cells/ml in a serum free medium based upon Ham
F12 containing 2% Albumax (Gibco BRL, Paisley, UK) with
3·7 m

 

m

 

 CaCl

 

2

 

 and 4 m

 

m

 

 glutamine stock. Aliquots of 1 

 

¥

 

 10

 

6

 

PMNs were put into FACS tubes.

 

Neutrophil stimulants

 

For the neutrophil stimulation experiments 1 

 

m

 

m

 

 of the bac-
terial chemotactic agents fMLP was used as a positive con-
trol. Unwashed and washed RSV was used at the same
concentration of 1 

 

¥

 

 10

 

4

 

 pfu/ml. The filtrate collected from
the washing of the virus was also used as a control at an
equivalent dilution to assess whether the inflammatory
products released by the infected epithelium were able to
activate the PMN in the absence of viral particles.

 

Measurement of cell surface expression of CD11b/CD18

 

PMNs were exposed to different dilutions of washed and
unwashed RSV, fMLP and filtrate for 30 min in a gassed 37

 

∞

 

C
incubator. They were then washed and stained without fix-
ation using direct mouse IgG-FITC conjugates to CD18
(Serotec, Kidlington, UK) and IgG-PE conjugates to CD11b
(Serotec) at 4

 

∞

 

C, and analysed by flow cytometry. All results
were corrected for IgG isotype control and expressed as the
Mean fluorescent intensity (MFI).

 

Measurement of intracellular calcium release

 

Purified PMNs at 2 

 

¥

 

 10

 

6

 

/ml were incubated in serum free
Ham-F12 with 2 

 

m

 

m

 

 Indo-1 (Molecular Probes Inc; Cam-
bridge, UK) at 37

 

∞

 

C for 30 min, then left at 20

 

∞

 

C in the dark
for 15 min prior to analysis with the flow cytometer. One
hundred 

 

m

 

l of the cell suspension was added to 400 

 

m

 

l of
1 m

 

m

 

 calcium chloride in a FACS tube, incubated for 2 min
at 37

 

∞

 

C and then run on the flow cytometer for 30 s prior to

adding the different stimulants. Along with the addition of
washed and unwashed RSV, the cells were treated with
0·1 

 

m

 

m

 

 Ionomycin as a positive control to activate the
release of the total intracellular calcium stores the PMNs.
The changes to the fluorescence of Indo-1 following its
binding to calcium were measured at short wavelength
210 nm and long wavelength at 381 nm using a Herc laser at
325 nm.

 

Measurement of neutrophil oxidative burst

 

Purified PMNs at 1 

 

¥

 

 10

 

5

 

/ml were incubated in serum free
Ham-F12 with 20 

 

m

 

m

 

 2·7-Dichloro-dihydrofluorescein diac-
etate (DC-FDA) for 15 min at 37

 

∞

 

C. They were then washed
and incubated with 1 

 

¥

 

 10

 

4

 

 pfu/ml of washed RSV or
unwashed RSV or 1 

 

m

 

m

 

 fMLP for 30 min at 37

 

∞

 

C. A positive
control using 20 

 

m

 

m

 

 t-butyl hyproperoxide was used to con-
vert all of the intracellular DC-FDA to its oxidized fluores-
cent state. DC-FDA changes were measured at an excitation
wavelength of 480 nm and fluorescent emission at 530 nm
using an Argon Laser.

 

Neutrophil activation experiments with G-glycoprotein 
and F-glycoprotein blocking antibody

 

PMNs were isolated as described above and incubated with
1 

 

¥

 

 10

 

4

 

pfu/ml and 100 

 

m

 

g/ml of humanized mouse anti F-
glycoprotein antibody (Palivizumab; gift from Abbot Labo-
ratories; UK) or various concentrations of highly  purified
G-glycoprotein (gift from Dr E Blair, GlaxoWellcome) at
10–100 

 

m

 

g/ml or on its own. The effective blocking concen-
tration of Palivizumab was previously determined by serial
dilution. The PMNs were stained with antibodies for CD11b
and CD18 as described above and the fluorescence measured
by flow cytometry.

 

Detection of viable, apoptotic and necrotic cells

 

Levels of necrosis and apoptosis were quantified on morpho-
logical characteristics using fluorescent vital and nonvital
DNA biding dyes. The vital and apoptotic cells were stained
with Hoechst 33342 (Sigma Chemicals Ltd) while necrotic
cells were stained with propidium iodide (Molecular Probes,
Cambridge), both to a final concentration of 1 

 

m

 

m

 

. After
5 min the cells were observed using a Leica DMIRB UV flu-
orescent inverted microscope using the UV filter to visualize
both dyes simultaneously. The nuclei of the viable cells
appear blue (Hoechst 

 

+

 

ve) and were morphologically nor-
mal. Apoptotic cells with intact plasma membranes were also
Hoechst 

 

+

 

ve but displayed morphological characteristics of
DNA condensation and nuclear fragmentation. Necrotic
cells were bright orange/red stained. This direct staining
method allows all dead cells to be counted whereas methods
that require centrifugal harvesting of cells can selectively
remove buoyant necrotic cells.
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Statistical analysis of the results

 

The flow cytometry data was presented as MFI 

 

±

 

 standard
error (SE) of the distribution of the staining. Differences
between specific groups were examined using the Students

 

T

 

-test with correction for samples of unequal variance.
Differences were considered to be significant at the 5% level
(

 

P

 

 

 

<

 

 0·05).

 

Results

 

Effect of diafiltration on infectivity of RSV

 

The  RSV  plaque  assay  results  demonstrated  the presence
of viable  virus  in  the  washed  retentate  sample although
there was  a  significant  reduction  (10-fold  loss  from  10

 

7

 

to 10

 

6

 

 pfu/ml) compared to the levels of unfiltered virus.
The filtrate sample, even when used neat, contained no
detectable infective virus in the immune plaque assay. The
infectivity and toxicity of the washed and unwashed RSV
samples were also examined using a Hoechst/Propidium
iodide viability assay following addition of the different
samples to the HeLa cell line. Unwashed RSV caused large
amounts of epithelial necrosis that was not observed with
the washed RSV preparation when used at equivalent infec-
tive titre.

 

Removal of cellular proteins by diafiltration

 

Following diafiltration the different samples of the RSV
preparation, were separated by SDS-PAGE and then stained
in silver (Fig. 1). The unwashed sample of RSV showed many
protein bands across the molecular weight range of this gel
(5–200 kD) (Fig. 1, lane A). The same bands were also
observed with very little difference in the filtrate sample
(Fig. 1, lane B). The only difference was the presence of two
additional small molecular weight bands (

 

~

 

20–30 kD),
which were consistent with the reported molecular weight of
the casein used to coat the filter (Fig. 1, lane B). However,
only a few trace protein bands were detected in the washed
sample at molecular weights of 

 

~

 

42 kD and 97 kD (Fig. 1,
lane C). The intense bands present at the lowest molecular
weight positions i.e. 

 

<

 

20 kD, were also observed in the blank
lane and were due to silver reacting with ions in the migra-
tion front of the gel (Fig. 1, lane D).

 

Removal of IL-8 following diafiltration

 

IL-8 was present at significantly higher concentrations
(485 pg/ml 

 

±

 

 19·7 SE) in the unwashed RSV preparation
than  the  filtrate  sample  (248 pg/ml 

 

±

 

 50·2  SE)  but  the
IL-8 in the washed RSV sample was below the limit of
accurate detection on the standard curve having a value of

 

~

 

26·3 pg/ml (

 

±

 

 4·0 SE) (Fig. 2).
CD11b/CD18  surface  expression  fMLP-stimulated

PMNs expressed  high  levels  of  fluorescence  for  CD11b
(55·9 

 

±

 

 0·3 MFI) and CD18 (54·8 

 

±

 

 0·4 MFI). PMNs exposed
to unwashed RSV expressed a mean MFI value of 35 

 

±

 

 0·3
units and 50·7 

 

±

 

 0·4 units, respectively. These were both sig-
nificantly higher (

 

P

 

 

 

< 0·001) compared to both nonstimu-
lated PMNs (20·4 MFI ± 0·1 and 34·9 MFI ± 0·3) and PMNs
exposed to washed RSV (28·9 MFI ± 0·2 and 45·9 MFI ± 0·4).
Incubation of the PMNs with the filtrate sample at equiva-
lent dilutions gave MFI values of 30·5 ± 0·4 and 50·9 ± 0·4
significantly higher (P < 0·05) than for the control PMNs
(Fig. 3).

Oxidative burst

Non-stimulated PMNs produced low levels of free radicals
(132·8 ± 1·8 SE MFI) (Fig. 4). When PMNs were exposed to
unwashed RSV there was a significant increase (P < 0·001)
in free radical production (271·2 ± 1·9 SE MFI). Stimula-
tion with washed RSV resulted in a much smaller increase
in free radical production (186·7 ± 1·5 SE MFI),
significantly (P < 0·001) lower than the unwashed sample.
Free radical production by PMNs when challenged with
the  virus  free  filtrate  (270·4 ± 1·9  SE  MFI)  was  similar
to  unwashed  virus  and  this  was  significantly  greater
(P < 0·001) than both the control PMNs and PMNs
exposed to washed RSV.

Fig. 1. 10% SDS PAGE mini gel stained in silver and showing 

removal of proteins following centrifugal dia filtration of the RSV 

sample. The samples were separated by SDS-PAGE under denaturing 

dissociating conditions at the dilution equivalent to the original sam-

ple and show the following. Lane A: shows the sample of unwashed 

RSV; Lane B: shows the sample of filtrate from the RSV preparation 

and the line marks the presence of the casein in the filtrate; Lane C: 

shows the washed RSV sample; Lane D: shows a lane with no sample 

added but demonstrates the non specific silver staining with the ion 

front.

A B C D

Casein

205 kD

97.4 kD

66 kD

45 kD

29 kD



E. L. Bataki et al.

474 © 2005 British Society for Immunology, Clinical and Experimental Immunology, 140: 470–477

Release of intracellular calcium

Basal calcium release in nonstimulated PMNs was measured
as an Indo-1 fluorescence ratio of 7·6 ± 0·05210/381nm

compared to the positive ionomycin control ratio of
32·7 ± 0·03210/381nm. Following the addition of unwashed RSV
the mean Indo-1 fluorescence ratio rapidly increased 2·2 fold
(16·8 ± 0·06210/381 nm), and then gradually decayed to baseline.
The addition of washed RSV did not stimulate an increase in
the mean Indo-1 fluorescence ratio (7·8 ± 0·02210/381nm).
Addition of filtrate led to a rapid increase in the fluorescence
ratio (12·6 ± 0·06210/381 nm) but this response decayed to the
basal levels more quickly compared to the effect of an
unwashed RSV sample (Fig. 5).

When the percentage of PMNs releasing calcium was
assessed against the basal control expression, the positive
cells increased at a rate similar for both ionomycin and the
unwashed RSV preparation. However, the proportion of
positive cells decayed quickly from 90 to 70% in response to
the unwashed virus preparation compared to the Ionomycin
challenge. In contrast no increase to responding cells was
observed after treatment with the washed RSV preparation.

The virus free filtrate sample stimulated detectable calcium
release in 55% of the cells.

Effect of G glycoprotein

Different concentrations of G glycoprotein ranging from 10
to 0·001 mg/ml did not to have any measurable effect on the
PMNs. When the PMNs were exposed to 10 mg/ml of puri-
fied G-glycoprotein they expressed a mean of 22·4 ± 0·4 SE
MFI for CD11b which was not significantly higher than the
nonstimulated control PMNs (19 ± 0·2 SE MFI). CD18
expression in response to purified G glycoprotein was also
examined but no changes to the expression of this molecule
were observed.

Effect of anti-F antibody

More than 100 mg/ml of the anti-F antibody completely
blocked viral infection in plaque assays. Pre-incubation of

Fig. 2. A bar graph showing the reduction of IL8 in the RSV for samples 

(n = 3 + SEM) before washing (UR), in the filtrate sample (F), and in 

the washed sample (WR). The concentrations were determined by 

regression using a standard curve of IL8 (from 62·5 pg/ml; where 

r = 0·998).
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Fig. 3. Graph showing the mean (± SE) values of fluorescence as mea-

sured by flow cytometry for the expression of CD11b (PE) and CD18 

(FITC) on the surface of purified neutrophils. The cells were either left 

nonstimulated (C), or were stimulated with 1 ¥ 104 pfu/ml washed 

(WR), or 1 ¥ 104 pfu/ml of unwashed (UR) RSV for 30 min at 37∞C. In 

addition, the change in CD expression was compared to the positive 

control 1 mm FMLP (fMLP), and the viral specific effects were compared 

to virus free filtrate (F).
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unwashed RSV with 100 mg/ml of the blocking F-glycopro-
tein antibody did not significantly reduce the expression of
CD11b (32·7 MFI ± 0·2 SE units) compared with unwashed
RSV alone (35·0 MFI ± 0·2 SE units) or CD18 expression
(51·8 MFI ± 0·4 SE units vs. 51·4 MFI ± 0·4).

Discussion

This study indicates that it is possible to purify RSV effec-
tively using a rapid diafiltration technique and that PMN
activation in response to RSV infection is largely attributable
to the presence of inflammatory cytokines rather than a
direct response to virus or viral products. The results empha-
sis the need to purify virus when attempting explore aspects
of the virus host interaction.

Some groups have previously attempted to investigate the
possibility that RSV may directly activate PMNs [19,20] but
the purity of the viral preparation was not defined. In this
present study, incubation of neutrophils with a washed

preparation of RSV resulted in weak activation of these gran-
ulocytes as compared to the activation seen when unwashed
preparations of RSV were added, or the virus free filtrate
which contained the inflammatory products from damaged
epithelial cells. This was observed across all the markers
assessed with only relatively small increases in CD11b,
CD18b and in oxidative burst. Washed RSV also had no
impact on intracellular calcium release. Furthermore, puri-
fied RSV G glycoprotein did not activate the neutrophils.
Whilst washed RSV did not activate the cells but the
unwashed RSV preparation did, the addition of a neutraliz-
ing RSV F-glycoprotein antibody to the unwashed
preparation in no way diminished the stimulatory activity of
this preparation. This same antibody completely blocked
uptake of RSV by the HELA cells used to propagate the virus.
These results indicate that neither F of G glycoproteins stim-
ulate neutrophil cytotoxic activity. Further work is required
to determine whether host antibodies, lectins, or comple-
ment, when bound to RSV activate neutrophil responses. It

Fig. 4. Graph showing the mean (± SE) values of fluorescence for mea-

surement of free radical production using DC-FDA as measured by flow 

cytometry over a three minute period. The cells were either left non-

stimulated (C) or stimulated with the virus sample filtrate (F); either at 

1 ¥ 104 pfu/ml of unwashed (UR) RSV, or 1 ¥ 104 pfu/ml of washed 

(WR) RSV. The X axis shows the increase in units of FITC fluorescence.
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Fig. 5. Graph showing the peak mean values (± SE) values of Indo-1 

fluorescence in purified neutrophils with different stimulants. The sam-

ples were compared to the control (C) of no stimulants, positive control 

of 1 mm fMLP (fMLP) and 100 nm Ionomycin (I). Both washed (WR) 

and unwashed (UR) RSV preparations were used at 1 ¥ 104 pfu/ml.
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is also possible that PMNs are more competent to respond to
RSV when activated by specific cytokine/chemokine signals.

The rapid method for washing RSV preparations
described in this study generated small amounts of infective
virus (e.g. ~106 pfu from starting titres of 108 pfu) but has
several advantages compared to existing purification meth-
ods. Conventional sucrose gradient methods take signifi-
cantly longer, and are also associated with a loss of infective
virus [22]. Furthermore the final product may require addi-
tional manipulation to remove sucrose and the stabilizing
agent MgSO4 that can interfere with cellular assays. The mea-
surement of IL-8 concentration demonstrated the effective-
ness of this washing procedure. IL-8 is a key chemokine
produced by RSV infected airway cell and is involved in the
activation and recruitment of granulocytes. Concentrations
of  IL1a  were  also  measured  using  a  specific  ELISA,  but
we were at  the limits of  detection both in the unwashed
RSV preparations and were undetectable in the washed
preparations.

Despite loosing infective virus during diafiltration equal
infective titres of washed and unwashed RSV were applied to
the HeLa cells. 48 h after inoculation with the virus, many
dead HeLa cells were observed across the monolayer but only
when the unwashed virus was added. This demonstrated that
distinct from cell damage caused to infected cells significant
damage was also caused by factors in the unwashed virus
preparation. The same cytopathic effects occurred following
the addition of unwashed UV irradiated preparations of RSV
that were unable to replicate. To measure the onset of inflam-
matory signalling caused by RSV replication in the epithelial
cell it is therefore necessary to use washed preparations of the
virus.

The reduced RSV titre following diafiltration was not due
to the virus escaping across the 1000 kD pores of the poly-
ethersulphone membrane. Infective virus was not detected
in the filtrate samples in any of these experiments. The loss
was also not caused by handling of the virus as a control sam-
ple of RSV was treated in the same way except for passage
through the filter and this showed no loss of infectivity. The
most probable reason for loss of titre was adherence of RSV
to the upper surface of the filter membrane under the cen-
trifugal pressure. This was minimized but not completely
prevented by precoating the filter ultrapure Casein. Despite
these caveats, washed RSV was obtained quickly using these
filters and of sufficient titre to carry out challenge studies
upon PMNs. The recovery of the virus using this method
may be improved by using larger filter 60 ml units that can
be operated under pressure without centrifugation. Pre-
treatment of the membranes with a mild surfactant prior
to use has also been shown to reduce nonspecific binding
of samples.

These present observations suggest that the activation of
neutrophils in response to RSV infection is largely attribut-
able to epithelial derived inflammatory signalling molecules
and that neutrophils may not directly recognize intact RSV,

or its constituent molecules. However, the results obtained
with washed RSV require further investigation since it is pos-
sible that neutralizing antibody, lectin, or complement, com-
plexed with RSV may activate neutrophil cytotoxicity.
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